Detection of Cytomegalovirus Genomes in Human Skin
Fibroblasts by DNA Hybridization (Accepted I I July 1980 ) SUMMARY A previous isolation of a human cytomegalovirus (CMV) from fibroblasts derived from intact skin of a Charcot-Marie-Tooth disease patient has prompted examination of six blind-coded cultured human skin lines by CMV DNA hybridization. The detection of CMV genome equivalents in three of the lines suggests that, in some cases, intact human skin may be a site of CMV latency.
The spontaneous isolation and characterization of a new strain of cytomegalovirus (CMV), agent CMT-6, from a cell line derived from intact human skin has been previously reported (Williams 'et al. 198o) . Briefly, the virus was recovered from apparently normal fibroblasts 6 months after explantation of a biopsy of intact skin from the ankle. The patient (M J) was suffering from Charcot-Marie-Tooth disease (C-M-T), a familial, demyelinating peripheral neuropathy which exhibits decreased nerve conduction velocities with contractures of feet and hands (Dyck & Lambert, I968) . Unusual growth characteristics were seen early in this cell line as well as in other skin cell lines derived from eight different adult patients with this neuropathy. These cell lines were compared to 34 control human skin lines obtained during surgical procedures and grown similarly. The nine C-M-T explants demonstrated primary epithelial colony formation, with persistence of epithelioid elements for several passages. Poor growth or 'crisis' periods also occurred during early passage in which decreased cell density was measured. In addition, small colony formation in 0"3 ~o soft agar was observed in four out of eight C-M-T lines tested in the Izth to I5th passage. These colonies could not be re-established in culture, and cloning was not attempted. Eventually, fibroblasts predominated in the C-M-T lines and growth resembled control skin lines. In contrast, less than 1/3 of the control explants showed primary epithelial colonies and none exhibited crisis periods.
The unusual characteristics in the C-M-T skin cell lines suggested similarities to cytomegalovirus-associated cell lines (Giraldo et al. I972a, b; Rapp et al. I975; Glaser et al. I977) . However, attempts to induce expression of CMV from the nine C-M-T lines, including the cultures of the MJ (CMT-6) line remaining negative after virus appearance, and several control human skin lines were unsuccessful. In addition, no specific fluorescence, using anti-CMV reagents, was found in the cells of the non-infected C-M-T or control skin lines. Contamination of these lines with mycoplasma, CMV, other virus agents or tumourderived cell lines had been ruled out as previously described (Williams et al. 198o) .
The objective of this study was to examine the cell line MJ-CMT, which had been the source of the new CMV isolate, and three other C-M-T lines (PP, JJ and LC) for CMV nucleic acid sequences by DNA-DNA reassociation kinetics. Two control skin fibroblast lines (JG and MF) derived from adults with other diseases were included for comparison. All of the lines were normal in appearance and growth pattern at the time of DNA extraction (3oth to 35th passage) and were blind-coded for the assay.
The reassociation data from the six fibroblast lines are shown in Fig For reconstruction, the probe DNA was mixed with calf thymus DNA alone or in the presence of 1 or 3 genome equivalents of cold CMV DNA. The mixtures were denatured at lO3 °C, chilled rapidly and after the salt concentration was adjusted to o9 M-NaC1, 35/4 vol. were sealed in glass micropipettes and incubated at 66 °C for various lengths of time. The fraction of double-stranded DNAs was determined by differential digestion with suitable amounts of single-strand-specific ($1) nucleases of Aspergillus oryzae (Sutton, I97I) . After stopping the reaction with TCA (final concentration to ~), the precipitate was collected by filtration on Whatman glass microfilter papers (GtF/c). Analysis of the DNA reassociation data was made by the equation derived by Britten & Kohne (1968) : t/fss = I+k Cot , where fss is the fraction of probe DNA sequences remaining single-stranded at time t, k is the second order reassociation rate constant and Co is the initial concentration of DNA in solution, in tool nucleotide/1. In calibration experiments, the rate of annealing of the probe into a double-stranded form was proportional to the concentration of the unlabelled CMV DNA added to the hybridization mixture.
PP-CMT cell lines contained only an average of 0"4 and 0.2 genome equivalents/diploid cell respectively. In contrast, LC-CMT cells and both control cell lines contained no detectable virus-related sequences. However, it is likely that complete virus sequences were being detected in all of the positive lines, since the amount of virus DNA reassociated in the hybridization mixtures (I/fss Co) at various times produced a straight line for the second order constant (Britten & Kohne, i968 ) . Evidence of complete sequences may be a possible factor in the appearance of replicative CMV from the MJ-CMT line. In this context, JJ-CMT would then contain I CMV genome in four out of ten cells, while PP-CMT would have a complete CMV sequence in two out of ten cells. Because the sensitivity of this assay is o. I virus genomes/cell, we cannot rule out the possibility that the negative lines contained fewer than [ CMV genome in ten cells.
An association of CMV with skin has been made previously in Kaposi's sarcoma, a multicentric malignancy common in equatorial Africa, which primarily involves skin in tumour formation (Taylor et al. I97I) . Fifty-one cell lines have been established from Kaposi sarcoma patients (25 from tumours, I6 from lymph nodes and IO from intact skin) all of which demonstrated pleomorphic growth patterns (Giraldo et al. I97za) , and herpesvirus particles were found in five out of eight studied by electron microscopy (Giraldo et al. 1972 b) . Increased anti-CMV serum titres were evident in European Kaposi sarcoma patients (Giraldo et al. I975) . Furthermore, one tumour-derived line produced a virus agent identified as a CMV (Giraldo et al. I972b; Glaser et al. I977) . Interestingly, the cultures from intact skin of Kaposi patients frequently demonstrated primary epithelial colony formation and' crisis' periods with subsequent fibroblast predominance and some epithelioid elements persisting (Gira!do et al. I972a), as did our C-M-T skin explants. However, these Kaposi lines have not been examined for the presence of CMV genomes.
Herpesvirus particles are commonly found in the intact skin of birds infected with Marek's disease, a widespread avian leukaemogenic peripheral neuropathy. The Marek herpesvirus, a slow growing, cell-associated virus with many physical and cultural similarities to CMV, replicates to completed, enveloped particles only in the feather follicle epithelium. Although infectious virus in skin dander and discarded feathers is present transiently during active infection in all birds, virus replication in skin persists for the lifetimes of genetically susceptible flocks (Payne et al. I976) .
The reason for latent CMV genome localization in these skin fibroblasts without complete virus expression is unclear. Superinfection of the C-M-T lines at early (3 to 6) and later (I 5 to 2o) passages with CMV was easily accomplished at several m.o.i. (o.i to 5 p.f.u./cell), resulting in the typical CMV cytopathic effects of slowly developing, enlarged refractile cells apparent over the entire monolayer in 2 to 3 weeks time (Glaser et al. I977) . These cells, then, were not resistant to active CMV infection.
It is possible that humoral immune defects in these patients, previously reported in some C-M-T families (Williams & Penn, I979) , may have led to CMV persistence. In fact, below normal IgA titres were measured in the sera of the C-M-T patients M J, JJ and LC, while JJ and PP had elevated IgM immunoglobulins. In addition, histocompatibility factors play some role in host cell response to the presence of CMV in mice (Wu et al. I975) . CMV genomes in skin of individuals with a familial disease may suggest interaction of a possible genetic susceptibility to the virus in this group.
Although the sampling is too small to be significant, the two control lines were chosen to test whether another peripheral nerve disease would result in skin susceptibility to CMV (MF had a different type of neuropathy), and whether a skin line that grew in o'3 ~ soft agar from a patient (JG) from whom an adenocarcinoma of the colon was removed 6 months before skin biopsy, might be permissive for CMV. The absence of detectable sequences (less than one in ten cells) in these controls suggests that neither of these possible components affected the genome presence.
The detection of CMV genome equivalents in three out of four C-M-T skin fibroblast lines was not unexpected inasmuch as a new cytomegalovirus had been isolated from one of these lines. Additionally, eight other C-M-T skin lines had shown unusual growth characteristics consistent with the existence of CMV genomes in the cells (Williams et al. I98O) . The significance of the finding is not clear. There may be no relationship to C-M-T disease, or a genetic susceptibility to CMV might be carried near or with the genes determining symptoms of this familial neuropathy. Faulty immune surveillance concomitant with the disease might permit CMV latency or, despite the lack of a link between human genetic disease and virus, a mechanism similar to that in Marek's disease may be operational. Further studies have been undertaken to explore these possibilities.
